Reductive aminations of the aldehyde group at C-20 position of tylosin and demycarosyltylosin (desmycosin) were carried out using primary and secondary amines in the presence of sodium cyanoborohydride. Some of these derivatives brought about higher antimicrobial and ribosome-binding activities, and the structure-activity relationship is discussed.
reductive amination of demycarosyltylosin (13) (Table 1) and mass spectral data.
Biological Activities and Ribosome-binding Activities
The minimal inhibitory concentrations (MIC, jig/ml) of the amino derivatives against a variety of bacteria were assayed by the agar dilution method. The MIC values are shown in Table 2 . Among the tylosin derivatives, 20-(N-benzylamino)-20-deoxotylosin (7), 20-anilino-20-deoxotylosin (8) and 20-deoxo-20-morpholinotylosin (12) showed an increase of antimicrobial activity against some bacteria, but other derivatives showed a slight decrease in antimicrobial activity.
Among demycarosyltylosin derivatives, 20-deoxo-20-(N-methylanilino)demycarosyltylosin (17) was more active against Gram-positive bacteria than compound 13. However, the other derivatives of 13 had similar or less activities. Interestingly, 20-deoxo-20-(di-N methylamino)demycarosyltylosin (14) and 20-(N-benzylamino)-20-deoxodemycarosyltylosin (16) showed enhanced activity against the acid-fast bacterium Mycobacterium smegmatis KB 42 (ATCC 607).
In addition, we measured the ribosome-binding affinities (ID,,, , M: 50% inhibition dose of [10, 11,12,13-'H] tetrahydroleucomycin A; binding to Escherichia coli ribosomes) of these amino derivatives.
The ID,, values are available for the evaluation of in vitro activity. In fact, in the acyl derivatives at C-4" of leucomycin a definitive relationship between the ID,, values and MIC was indicated". The (Table 2 ) was used. The pKSO is the negative log of IDSO (Table 2) . pK50 IDS, values for the amino derivatives of 1 and 13 are shown in Table 2 . Further the correlation between pK50 and log (MIC against Bacillus subtilis) is shown in Fig. 1 .
As shown in Fig. 1, a definitive relationship between the ID3, values and MIC was not observed.
Since the variation of the amino group in tylosin derivatives did not greatly affect their DEC. 1983 affinities to the ribosomes, the variation of the derivatives in antimicrobial activity seems to be due to their variation in permeability to the cells. Fig. 1 also suggests that the high antimicrobial activities of 7, 8 and 12 are due to their high permeabilities to the cells. Among demycarosyltylosin derivatives, most compounds except 17 did not show higher antimicrobial activities, though they had higher affinities to ribosomes than demycarosyltylosin (13). The amino derivatives of 13 except the N-cyclohexylamino and N-methylanilino derivatives (15 and 17) had similar levels of ribosome affinities to the corresponding tylosin derivatives, but had lower antimicrobial activities. This suggests that the demycarosyltylosin derivatives are less permeable to the cells than the tylosin derivatives.
The in vivo antimicrobial activities of some derivatives (10, 16, 18 and 20) were assayed in mice infected with Streptococcus pyogenes C 203. The results are shown in Table 3 . The in vivo activities of compounds 16 and 18 from oral administration were higher than that of 13 and reached that of 1, but the other compounds were less active.
Although the modifications of the aldehyde group such as the reduction to alcohol and reductive amination resulted in a decrease of antimicrobial activity, the introduction of the amines bearing aromatic moieties to the aldehyde group brought about higher antimicrobial activities.
Experimental
The optical rotations were measured on a Jasco DIP-181 spectrometer. The UV spectra were measured on a Shimadzu UV-210A spectrometer. Mass spectra were taken with a Jeol JMS-D 100 spectrometer. 1H and 11C NMR spectra were obtained on a Varian EM-390 90 MHz spectrometer and a Jeol PS 100 spectrometer, respectively, with tetramethylsilane as an internal standard in CDCI,. Column chromatography was performed on Merck silica gel 60. For analytical TLC plates Merck silica gel 60 F254 was used (solvent 1; CHCI, -MeOH -conc. ammonia water, 10: 1: 0.05, solvent 2; CHCI,-MeOHconc. ammonia water, 6: 1: 0.05).
MIC against various bacteria was assayed by the agar dilution method using a medium containing 0.5% peptone and 0.5% meat extract (pH 7.0). Concentration (ID,,) of a compound for 50% inhibition of [10,11,12,13-'H] tetrahydroleucomycin A, binding to ribosomes for E. coli was determined as described previously' 2). General Method of Reductive Amination A mixture of tylosin (or demycarosyltylosin), amine (10 equiv) and sodium cyanoborohydride (4 equiv) in methanol was stirred at room temperature in a nitrogen atmosphere. When the reaction was completed, the mixture was poured into cold aqueous sodium bicarbonate, and the product was extracted with chloroform from aqueous solution. The chloroform layer was dried over anhydrous sodium sulfate and then evaporated to dryness under reduced pressure. The crude product was subjected to silica gel column chromatography to give a reductive aminated product. tylosin ( -7' and H-8'), 3.44, 3.57 (each 3H, s, H-7"' and H-8"') 2.49 (6H, s, 3.46, 3.60 (each 3H, s, 4.26 (1H, d, J=7.0 Hz, 4.55 (1H, d, J=8 .0 Hz, H-1 "'), 4.95 (1 H, bt, Jl, , , , =15.0 Hz, ,
